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ART. XX.-Contributions to Chemistry from the Laboratory of the 
Lawrence &ientijic &hool, No. 3 j by WOLCOTT GIBBS, M.D., 
Rumford Professor in Harvard University. 

§ 1. On a new general method of volumetric analysis. 

IN a memoir on the quantitative determination of nitric acid, 
H. Rose* suggested that in particular cases the metal in the ni
trate might be precipitated by means of sulphydric acid, and 
the nitric acid set free determmed in the filtrate by volumetric 
methods. So far as this application of the volumetric analysis 
is concerned, Rose's method appears not to have been carried out 
in practice or even sURPorted by actual experiment. It occurred 
to me that the method might be generalized so as to form the 
basis of a new application of the processes of acidimetry, and 
the following analyses will serve to show the degree of accuracy 
which may be attained. When the salt to be analyzed contains 
a fixed acid which does not act upon sulphydric acid gas, a 
weighed portion is to be dissolved in water, the solution brought 
to a boiling heat and a current of sulphydric acid gas passed 
through until the metal is completely precIpitated. When quan
tities of about 5 grams are employed the precipitation is usually 
complete in half an hour. The precipitate may then be allowed 
to settle and a drop of the supernatant liquid taken out with a 
glass rod and tested upon a white porcelain plate, with a drop 
of a saturated solution of sulphydric acid in water, or with any 
other reagent which may be specially adapted to the metal in 
the salt examined. Thelrecipitation being complete the liquid 
is filtered upon a ribbe filter, the filtrate and the washings 
allowed to flow into a half liter or liter measure, and the wash
ing with hot water continued until a drop of the filtrate no 
longer exhibits an acid reaction. The liquia is then allowed to 
cool and the volume made up to exactly a half liter or liter by 
the addition of water. After thoroughly mixing the contents of 
the measure, fifty or one hundred cubic centimeters are to be 
taken out, a few drops of a solution of cochineal or logwood 
added, and the free acid determined by means of TI. normal am
monia in the usual manner. The first determination is to be 
used simply as a guide. Two or more successive portions of the 
acid liquid may then be taken out and determined successively, 
and the mean of several determinations obtained. With very 
little practice the results will be found to correspond to -.I. c. c. 
when a burette with Erdmann's swimmer is employed. From 
the quantity of ammonia required to neutralize the acid, the 
quantity of acid, and in many cases also of base, in the salt may 
be readily calculated. 

* Pogg. ADD~ B. cxvi, P. 125. 
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With crystallized sulphate of copper the following results 
were obtained. 
1'8435 gr. sulphate gave 31'89 p. Co acid and 31-'10 p. Co base (Sharples) 
3'7183 gr. " gave 32'14" "and 31'98 " "(Sharples) 
8'3955 gr. " gave 32'10" "and 31'89 " " (Tower) 

The formula Buse~ +5aq requires (Bu=68·50). 
I. II. III. 

BuG, 31'86 31-'10 31'93 31'89 
SGa, 32'0'1 31'89 32'14 82'10 

The first analysis was made with a commercial sulphate, the 
other, with a pure salt prepared from electrotype copper. In crys
tallized sulpliate of copper and potassium, (Buse~+KaSG4.+ 
6aq.) 2'6601 gr. gave 18'28 per cent acid and 18'11 per cent 
oxyd of copper. The formula requires 

Found. 
BuG, 18'00 18.11 
sea, 18'12 18'28 

In the memoir already referred to Rose points out the neces
sity of diluting the solutions of metallic nitrates to such a de
gree that the nitric acid set free shall not act sensibly upon the 
sulphydric acid. 

In the experiments made in my laboratory to test the method 
this precautlon was not found to be suffioient. Thus with crys
tallized nitrate of lead, Mr. Sharples obtained the following re
sults. 

L 2'147 grams of salt were dissolved in 200 c. c. water and 
the lead precipitated from the boiling solution by sulphydric 
acid gas. The filtrate was made up to 500 c. c. of whioh three 
portions containing each 75 c. c. were taken for titrition and each 
required 18'2 c. c. of ammonia. This gives 80'51 per cent of 
nitric acid, while the formula Pb(NGa}a requires 82'61 per cent. 

II. 2'4992 of the nitrate were dissolved in 500 c. c. of water 
and treated as above, only the lead was thrown down in the 
cold by sulphydric acid, and the excess of the latter expelled 
from the filtrate by boiling. The acid found corresponded to 
32'12 p'er cent in place of 82'61. From this it is clear that 
even dllute nitric acid aots too powerfully upon sulphydric acid 
to permit a very accurate determination of the former under the 
circumstances of the experiment. Precipitation from a boiling 
solution is necessary because the filtrate is then at once free from 
sulphydric acid. 

To obviate the difficulty arising in the case of nitric acid it 
occurred to me to add to the solution of the nitrate a portion of 
a neutral salt containing a fixed organic acid, an equivalent 
quantity of which would be set free by the combination of the 
free nitric acid with the base contained in the salt. This method 
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was found to give perfeotly satisfactory results, as the following 
analyses by Mr. S. P. Sharples will show. 

4409 grams of nitrate of lead were dissolved in 200 o. o. of 
water, five or six grams of pure Rochelle salt added and the 
lead precipitated as above. The quantity of acid found corres
ponded to 82·58 per cent. The formula Pb(N6s)a requires 

Found. 
Na6 a, 32'63 32·08 
Pb6. 6N'1 6'1·2'1 

0·9880 gram of nitrate of bismuth were treated as above 
Rochelle salt being added. The nitric acid found, corresponded 
to 88'40 per cent and the equivalent 9,uantity of oxyd of bis
muth to 47·82 per cent. The formula Bl{N6 3) 3 + 10aq requires 

Found. 
Nae.. 33'4'1 33·40 
Biaes' 47'94 4'1·82 

5·6558 gr. of chlorid of mercury were treated as above, six 
or eight grams of Rochelle salt being added to the solution. 
The free acid corresponded to 

Calc. Found. 
Cia' 26'20 26·10 
Hg, '13'80 '13·90 

When chlorine is separated in the form of chlorhydria acid the 
volatilization of the acid in the process of boiling is completely 
avoided by the addition of the organic salt. The same remark 
applies to nitric acid, though it is probable that the principal 
cause of loss in this case is the action of the acid at a boiling 
heat upon the gas passed through the liquid. The precipitation 
of a metal by sulphydric acid is usually much slower when 
boiling solutions are employed. 

The analyses given above show that, under favorable circum
stances, the method employed is capable of giving satisfactory 
results. It is easy to see that it applies in the case of soluble 
definite compounds of all those metals which are easily and com
pletely .p,recipitated from boiling solutions by means of sulphy
drio acld gas. When the compound to be analyzed contains 
an excess of free acid not combined with the oxyd of the metal 
to be determined, this must be first separated by evaporation to 
!i?~~ in the usual manner. The presence of alkalies and 

'ne earths is of course without influence on the result, but 
on the other hand even very small quantities of iron, alumina 
and various other bases make it almost impossible to determine 
the point of saturation with precision, these oxyds in solu
tion giving with cochineal and logwood specific reactions not 
easily distinguished from those produced by the alkalies in ex
cess. For this reason the method does not apJ>ly when oxyds 
of this class are present, and this case is precIsely that which 

AM. JOOB. BOI.-8BOOlm SUlBS, VOL. XLIV, No. 181.-8BPT., 1867. 
27 
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most frequeutlyoccurs in practice. The method will be appli
cable to all these cases if hereafter a coloring matter should be 
disoovered sensitive only to acids or bases in exoess, but not pro
duoing s~ecifio coloration with salts whioh are neutral in consti
tution. It is possible that oyanin, the remarkable properties of 
which have been described by SohOnbein, or the rosooyanin 
of Sohlumberger,* may fulfil the oondition indicated, but I have 
had no opportunity of experimenting with either. 

The method of precipitation above desoribed may be used 
with advantage in preparing a pure normal acid for titrition. 
Pure orystallized sulph.ate of copper is to be powdered and 
heated in a ~orcelain orucible placed within a Hessian oruoible 
for about an hour, the temperature being gradually raised and 
not allowed to exceed a low red heat. The anhydrous sulphate 
is then while still hot to be transferred to a perfeotly dry glass 
tube whioh oan be closed with a good cork covered with tin foil. 
After cooling, the tube is weighed, tbe contents poured into a 
:flask, tbe salt dissolved in water and tbe copper precipitated 
at a boiling heat as above. The filtrate and wasbin~ are then 
to be made up to a known volume. From the weIght of the 
anhydrous sulphate employed the quantity of sulphurio aoid 
present in the solution is known. In experiments made in this 
laboratory by Mr. R. Chauvenet this method has been found 
very accurate and expeditious. 

§ 2. On the precipitation of copper by hypopho8phorouB acid. 

In a memoir on the hypophosphites, A. Wiirtzt has shown 
that when solutions of oopper are heated to 70° C. with hypo
phosphorous acid a hydruret of oopper is preoipitated, whioh on 
boiling is reduced to metallic oopper with evolution of hydrogen. 
On repeating this experiment I found that the precipitation of 
copper is complete, and as the alkaline hypophosphites are now 
to De had in commerce, it ap~eared probable that the process 
might be applied to quautitative estimation. Experiments to 
determine tbls point have been made by Mr. R. Chauvenet with 
tbe following results : 

The copper should be in solution as sulphate, the liquid oon
taining a little free acid. The precipitation from the nitrate is 
always incomplete. When ohlorliydrio acid or ohloride are 
present tbe metbod fails entirely, the copper being reduced to 
subohlorid and remaining in solution. The solution must not 
be too dilute j the precipitation is oomplete if the saturated solu
tion of sulpbate be diluted with not more than ten times its bulk 
of water, before the addition of tbe bypophosphites. In order 
to avoid the sudden evolution of hydrogen gas, and also to ob-

* Bull. de 1& Soci6t6 Chimique, Mare, 1866, P. 194. 
t Ann. de Obimie et de Physique, 3d aeries, vol. vi, p. 199. 
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tain the preciJ>itate in a spongy coherent form, it is best not to 
allow the liquid to boil. The solution of hypophosphite having 
been added In the cold and in excess, the temperature is to he 
~dually raised unti~ atier standing for some minutes betweell 
80° O. and 90° 0., the hydruret of copper has entirely separated 
in coherent masses. It is easy to determine when the precipita
tion is complete by taking out a drop of the clear liquid with 
a rod and testing upon a porcelain plate with a drop of sulphy
dric acid solution. No filter need be used if the precipitation 
be effected in an assay flask; the copper is easilY' washed by de
cantation, and may then be transferred to a porcelain crucible by 
the well-known method of inversion, dried and gently ignited in 
a current of hydrogen. The following analyses will serve to 
illustrate the accuracy of this method. In all of them hypo
phosphite of magnesium was employed as the precipitant. 
1. 1'1650 gr. pure sulphate of copper gave 0'2966 gr. copper=t5'45 p. c. (Ohauvenet.) 
2. 1.6690 gr." .." 0'3970 gr. II =26'"" II 

3. 1-4266 gr." "" 0'8626 gr. .. ==26'48" .. 
4. 1'S060 gr." ".. 0'332'7 gr. "=26'42 .. (R.D.Carman) 
5. 0'8208 gr." .... 0'208'7 gr. .. =26'42 .. (E. F. Gale.) 

In (4) and (5) a large excess of sulphate of nickel was present. 
The formula €uSG, +5aq gives 25'42 per cent of copp6!'. In. 

the third analysis sulphates of iron, manganese, nickel and mne 
in very large excess were added to the solution of copper. 

l In a very pure subsulJ>hid of copper from Arizona, Mr. 
Ohauvenet found in four analyses 74'24, 74'87, 74'86 and 14'41 
per cent copper. 

n. In an alloy of copper and nickel 
6. 0'4,2.'5 gr. gave 0'3605 gr. of copper =84'92 per cent. (Chauvenet.) 
7. 0'3615 gr. " 0'3070 gr. "=84'92" " 
8. 0'1380 gr. " 0'n70 gr. "=84'85" " 
9. 0'1980 gr. " 0'1680 gr. "=84'84" u 

III. In brass wire 
10. 1'6800 gr. gave 1.0705 gr. of copper =65'67 per cent. (Chauvenet.) 
n. 1.8655 gr. " 1'2240 gr. " =65'61" " 
12. 1'6770 gr. " 1'1010 gr. " =65'65" " 

In the last seven analyses the alloy was dissolved in sulphuric 
acid, nitric acid being added from time to time to assist in solu· 
tion. The solution was then evaporated until the last traces ot 
nitric acid were expelled. The presence of iron in the form of 
sulphate does not In any way interfere with the complete pre
cipltation of copper by hypophosphite of magnesium. When 
sesquichlorid of Iron is present, however, the copper is always 
reduced to subchlorid and is not precipitated as metal or hydru. 
ret. A solution of a hypophosphite reduces sesquichlorid of iron 
to protochlorid: the reduction is particularly rapid and com· 
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plete when a salt of copper is also present and the liquid con
tains free chlorhydric acid. I have endeavored to baBe upon 
this reduction a method for determining iron volumetrically, but 
all the experiments failed in consequence of the difficulty of de
termining the exact point at which the reduction of the iron is 
coUlpJete. Sulphocyanid of potassium, proposed for this purpose 
by Winkler* in his process with subchlorid of copper aB a redu
cing agent, was not found to give sharp indications. When cop
per and iron are present together as chlorids, the addition of 
bypophosphite of magnesium simply reduces the copper to sub
chlond as above stated. If in this case we add an alkaline chlo
rid to keep the subchlorid of copper dissolved, the copper may 
be easily precipitated as subsulphid by sulphydric acid gas. 
When arsenic or antimony are present with copper these must 
:first be separated before precipitating the copper as hydruret, as 
careful experiments by Mr. C. Lill;y have shown that both arsenic 
and antimony are precipitated WIth the copper. Mr. Lilly ob· 
tained the following analytical results when arsenous acid was 
present. 
1 '2690 gr. sulphate of copper gave O'32'l9 gr. metallic copper =211'83 pr, ct, copper. 
1'1112'1 gr." .. 0'39011 gr. .. =211''1'1.0 .. 

0'9638 gr." .. ()O2509 gr. .. =26'03" co 

~he f~rmula.gives 25'42 of metallic copper. In presence of 
antlmonlous aCld-

0''1100 gr. sulphate of copper gave 0'2454 gr. copper = 84'56 per cent. 

After addition of Sb. G 3 and Rochelle salt 
0'98'15 gr. sulphate of copper gave 0'2426 gr. copper = 24'56 per cent. 

Repeated analyses by Mr. Lilly also showed that copper could 
not be determined accurately in Schweinfurt green by hypophos. 
phite of magnesium, and that the presence of Rochelle salt did 
not completely prevent the precipitation of arsenic with the cop
per when arsenous or arseDlC acid were mixed with sulphate of 

copper. . .. 11 d . hI to b . h In assaymg copper ores It IS usua y eSira e nng t e 
metal at once into the form of sulphate. Numerous experiments 
made in this laboratory fully justify me in recommending the 
following method. The finely pulverized ore (sulphids of copper 
and iron) is to be mixed in a porcelain crucible with three or 
four times its weight of a mixture of one molecule of bisul
phate and one of nitrate of potassium. The mixture is then to 
be slowly heated to low redness, which is best accomplished in 
a muffle. The metallic sulphids are completely oxydized with· 
out the least frothing of the heated mixture. Enou~h strong 
sulphuric acid to convert all the sulphate of potassium mto bisul-

* Zeitschrift fUr Aualytische Chemie, Bd. iv, p. 423. 
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phate is then added, and the crucible is to be again carefully 
heated until the contents run to a clear fused mass. On cooling 
the mass usually separates readily from the crucible which is 
not attacked, and on solution the iron and copper are found com
pletely converted into sulpbates. This process has been tried 
successfully with a great variety of ores. The whole operation 
requires about an hour. In the case of ores containing much 
bisulphid of iron it is best to heat the powdered ore first as long 
as sulphur is given off, and afterward to add the oxydizing mix
ture and heat as above. The sulphids of lead, zinc and anti
mony are completely oxydized by the same process. 

§ 3. On the precipitation of copper and nickel by alkaline car
bonates. 

The precipitation of copper by zinc or by the electrolytic 
method requires that the metal should be I>resent in the form 
of sulphate or chlorid and does not succeed with the nitrate. 
As stated above the employment of the hypophosphites is lim
ited to the case in which tlie metal exists as sulphate. The old 
mode of precipitating copper as oxyd by caustic potash has dis
advan~s wEich are familiar to all chemists, but on the other 
hand is lDdependent of the nature of the solution of copper em
ployed so long at least as no organic matter is present. Accord
ing to Rose* the alkaline carbonates precipitate copper less com
pletely than caustic alkalies. This statement, however, is not 
accurate for all the conditions under which the experiment may 
be performed; and I have found that copI>er may be completely 
precipitated from the sulI>hate, nitrate or chlorid when the solu
tions are boiled together for a sufficient time and are sufficiently 
dilute. Mr. E. R. Taylor, who has made a careful study of thIS 
method of determining copper, has arrived at the following as 
the best method of condllcting the process. The solution of 
copper is to be diluted with water until the li9.uid contains not 
more than abollt one gram of the metal in one lItre. A solution 
of carbonate of potash or soda is then to be added in small ex
cess, and the whole boiled for about half an hour. The boiling 
proceeds quietly and without succussions;, the blue green carbo
nate soon becomes dark brown, and has a fine granular character 
which renders it extremely easy to wash. After washing it is to 
be ignited in an atmosphere of hydrogen, and the copper weighed 
as metal; it will be found to be free from alkali. In this manner 
Mr. Taylor obtained in five analyses the following results: 
1'8384 gr. pure sulphate of copper gave 0'4688 gr. metaIlic copper = 26'44 pr.ot. 
1''7144 gr. .. metallic cop.di880lvedinaquaregiagave H161 gr. cop. =100'09 p.e. 
1'3860 gr. U .. .... .... 1'3853 gr. .. = 99'\13 " 
1'461l'l gr. .. .. nitric acid .. 1'4670 gr. .. =101Hl9" 
1'4685 gr. .. .. 1'4634 gr. II = 99-65 .. 

* Handbuch der Analytischen Chemie, ii, 1'15. Sechste Anftage. 
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The filtrate is perfectly free from copper if the process has been 
well conducted. 

The ignited oxyd is in a state of great subdivision, and the 
ignition must therefore be conducted with much care to avoid 
loss. A small portion of the oxyd or basic carbonate usually 
adheres to the sides of the vessel in which the boiling takes place. 
This is to be re-dissolved, and again precipitated, but great care 
must be taken not to add a large excess of the alkaline carbo
nate, which gives a solution from which the copper is not pre
cipitated by boiling. 

Nickel may be completely precipitated from its solutions by 
precisely the same process. The green basic carbonate may be 
washed much more readily than the oxyd precipitated by caus
tic alkali; it is to be ignited and weighed as oxyd. In two 
analyses Mr. Taylor obtained the following results. 
1'9808 gr. anhydrous sulphate of nickel gave 0'9551 gr. NiG=37'79 p. c. 
1'4601 gr." " "" 0'7008 gr. NiG=37'64 ., 

The formula Ni&e 4 requires 37'69 (Ni=58), Dr. F. A. Genth 
informs me that he has also used the alkaline carbonates in pre
cipitating nickel, and with most satisfactory results. 

The precipitation of cobalt by an alkaline carbonate can only 
with much difficulty and by long boiling be made complete. 
As a means of determining cobalt it is not to be recommended. 
On the other hand Mr. F. W. Clarke has found that cobalt is 
completely and easi1 precipitated by the process of oxydation 
first given by Popp, which consists in neutralizing the solution 
with carbonate of sodium, adding acetate of sodium and then 
boiling with an excess of an alkaline hypochlorite, taking care 
to keep the solution alkaline. The hydrated sesquioxyd (?) of 
cobalt thrown down may be readily washed. After reduction 
in hydrogen the metal is found to be free from alkali. Nickel 
may, as Popp has also shown, be precipitated in the same manner, 
but the process given above seems to me preferable. 

In this connection I may be permitted to state that the method 
of separating cobalt from nickel by means of peroxyd of lead 
attriouted to myself in the new edition of Rose'st Handbuch der 
Analytischen Chemie and also ascribed to me by Gauhei was 
never even proposed by me. 

Cobalt and mckel may be precipitated from neutral solutions 
of their sulphates, nitrates and chlorids by adding first an excess 
of oxalic acid to the concentrated solution and then a large ex
cess of strong alcohol. Afier standing a few hours the filtrate 
is perfectly free from metal. The oxalates are very easily 
washed. This method is, however, rarely available for analyt-

* Zeitsehrift fiir Analytische Chemie. 
~ ZeitschriCt fiir Analytische Ohemie. 

t Sechste Aullage. Bd. ii, p. 148. 
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ical purposes, since it fails entirely when salts of ammonium or 
of the alkaline metals are present. The oxalates are also in 
such a state of subdivision that it is almost impossible to ignite 
them without loss. The oxyds of copper, cadmium, zinc, manga
nese and magnesium, are also completely precipitated from their 
sulphates by oxalic acid and alcohol, but not in presence of alka· 
line salts. The same is true of both mercurous and mercuric 
nitrates. In the few cases in which this mode of precipitation will 
find application in practice it will probably be best to determine 
the oxalic acid in the oxalate by hypermanganate of potash. 

In a former paper I have stated that the sulphids of cobalt 
and nickel thrown down from boiling solutions by a boiling so
lution of sulphid of sodium may be washed without oxydation 
upon the filter. The difficulty of preparing pure sU!rhid of 
sodium has, however, been an objection to this method. This 
difficulty may easily be removed by dissolving the crystallized 
tetrahedral sulphid, Na.S+9aq, in alcohol of 90 per cent, fil· 
tering and allowing the solution to crystallize. After two or 
three cr,ystallizatioDs the pure sulphid may be dried over sulphu. 
ric acid In vacuo and the white effloresced mass preserved in a 
well stoppered bottle. The sulphid is chemically pure. 

§ 4. On the employment of 8and and glaBB fllter8 in q1tantitati11e 
O/IWl,yN. 

Sufficient attention has not been paid to the advan~ of 
filters of sand and glass over those of paper, when precipItates 
are to be dried upon the filter at a definite temperature. By 
choking the throat of a funnel with coarse fragments of glass 
and then placing upon these successive layers of powdered glass 
or sand, the upper layer being of the finest powder, it is easy to 
make a filter upon which almost any precipitate may be filtered 
oft' and washed out completely without tlie slightest loss. The 
funnel with its contents may then be dried at any temperature 
below that at which the glass softens or at which the precipitate 
undergoes chemical or physical change. Mr. E. R. Taylor, who 
has earned out this suggestion with the ~reatest care and thor· 
oughness, obtained the following results In three analyses of tar· 
tar-emetic. 
L 0'0917 gr. tartar-emetio gave 0'0463 gr. SbaSa = 36'09 per oent Sb. 
Il 0'6236 gr. " "0'3149 gr. " = 36'08 " " 
m 0'1766 gr. " "0-0891 gr. " = 86'07 " " 

The formula requires 35'92 per cent (Sb=120). 
In the first and second analyses the yrecipitated sulphid was 

dried at 3750 O. In the third the funne had the shape of a tube 
* This Journal, vol. zuvii, p. 850, also Zeitaehritt tdr A.aalyt.iecbe Chemie, Bd. 

iii, p. 392. 
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tapering at one end and dilated in the middle to a sort of bulb, 
and the precipitated sulphid of antimony after drying was ig
nited in the filter tube itself in a current of carbonio acid gas. 
This form of funnel, which is due to Mr. Taylor, will be found 
very advantageous. A small common funnel may be inserted 
into the top, and after drying, the tube funnel closed with a cork 
in weighing. 

§ 5. On the estimation of manganese as pyrophosphate. 

The existence of an ortho-phosphate of manganese and am
monium oorresponding to the well known salt of magnesium, 
was long sinoe ascertained by Otto.* The subject has more 
recently been studied by Debrayt who has described a series 
of analo~us phosrhates, all of which are remarkable for their 
insolubilIty. Otto s salt, P2e8Mn2(N~h+2H20, from its highly 
crystalline structure, the facility with which it is formed, and 
its insolubility, appeared well adapted to the q'uantitative esti
mation of manganese, and the following analyses show that this 
metal like magnesium may be advantageously precipitated as 
ammonia-phosphate and weighed as pyrophosphate. 

To the solution of manganese, which may contain salts of am
monium or of the alkaline metals, disodic orthophosphate is to 
be added in large excess above the quantity required to pre
cipitate the manganese as orthophosphate. The white precip
itate is then to be redissolved in excess of sulphuric or chlorhy
dric acid, heated to the boiling point and ammonia added in ex
cess. A white or semi-gelatinous precipitate is produced which, 
on boiling or standing for some time even in the cold, gradually 
becomes crystalline and finally is completely converted into 
beautiful talcose scales which have a pearly luster and a pale 
rose color. It is best to precipitate each time in a platinum ves
sel in which the ammoma-phosphate may be boiled for ten or 
fifteen minutes, and to allow the salt to remain at a temperature 
near the boiling point of the liquid for an hour after it has be
come crystalline. The ammonia-phosphate may then be filtered 
off and washed with hot water. The washing- takes place with 
extraordinary facility on acconnt of the crystalline character of 
the salt. The orthophosphate after drying and ignition yields 
pyrophosphate of manganese as a nearly white powder. In 
this manner 
1.0'9555 gr. Mose, gave 0'8985 gr. P207MoZ=46'68 p.e. Moe 
2. 1'1400 gr." "1'0'11 '1 gr. " = 46'67" " 
3. 0'8145 gr." "0'7646 gr. " = 46'68" " 

(Chauvenet.) 

* Bull. de la Societe Chimique. Nouvelle Stirie ii, p. 11. 
t Ann. der Chemie und Pharmacie, viii, 1'18. 
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4. 0'0464 gr. 1105&, gave 0'8886 gr. P.&,lIo. = 46'66 p.e. Mo& 
5. 1'8181 gr." "1'2890 gr. " = 46'68" " 
6. 1'0565 gr." II ()O9950 gr. " = 46'~6" " 

(Gordon.) 

The formula requires 46'67 per cent (lin = 54), The sulphate 
employed was pure and perfectly anhydrous. 1n two analyses 
of crystallized chlorid of maIl_ganese not quite free from mechan
ically mixed water, Mr. F. W. Clarke obtained 27'08 and 27'07 
per cent of manganese. In the same salt the percentage of 
chlorine was found to be 85'68 which corresponds to 27'14 per 
cent of manganese. 

The advantage of this method over that commonly employed 
for the estimation of manganese, is that the process permits us 
to weigh the metal in the form of a perfectly definite compound 
and not as an oxyd which cannot be safely assumed to consist 
wholly of Mn 3&,. When manganese is associated with the 
alkaline earths it is of course first to be separated as sulphid, or 
by Schiel's method as a hydrate of the sesqUloxyd. The ammonia
phosphate is almost abSolutely insoluble in boiling .. water, in 
ammonia and in solutions of Salts of ammonium. The salt is 
nearlv white but sometimes becomes a little more red upon the 
filter~ If it assumes a rather deep dull red color the whole of the 
phosphate of manganese has not been converted into ammonia
phosphate. The precipitate is then to be redissolved in dilute 
chlornydrio acid., more J>hosphate of sodium added and then am
monia in excess, after whicIl the boiling is to be repeated. This 
repetition is very rarely necessary, a little practice enabling the 
analyst to jud~ when the conversion from the flocky-gelatinous 
to tIle ~talllDe condition is complete. The filtrate from the 
crystalline salt is perfectly free from manganese. Phosphoric 
acid cannot be determined by precipitation as ammonia·phos
phate of manganese, because the crystalline character of the salt 
upon which the success of the process depends is only produced 
by digestion with an excess of phosphate. Bette* has described 
an ammonia·phosphate of zinc wIlich, like the corresponding 
manganese salt, is almost absolutely insoluble in water. Debrayt 
has analyzed similar salts of nickel and oobalt, and Ottot has also 
described the analogous ammonia·phosphate of iron. I have 
myself prepared an ammonia·phosphate of cadmium whioh, like 
the other sruts of this group, is extremely insoluble in water. 
All of these salts however, are more or less readily soluble in 
ammonia and in salts of ammonium, and after repeated trials I 
have not succeeded in rendering any of them available for an
alytical purposes. 

Cambridge, JUDe 20th, 186'1. 
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